OBJECTIVES: Coronary artery bypass graft (CABG) is performed for symptomatic and prognostic reasons. We aimed to determine the factors that contribute to in-hospital mortality and long-term survival in young patients (aged less than 65) undergoing CABG.
INTRODUCTION
Risk prediction in cardiac surgery initially focussed on in-hospital mortality [1] [2] [3] . Subsequently, prediction of long-term survival became of interest as the debate between angioplasty and stenting intensified [4, 5] .
Previous work has utilized the EuroSCORE as a possible predictor of long-term survival, despite its derivation being based on in-hospital operative mortality [6, 7] . This work was in patients of all ages. The American Heart Association (AHA) recently published a model for long-term survival in patients over the age of 65 [8] .
Young patients potentially have the most to gain in terms of possible increased life expectancy after coronary artery bypass graft (CABG). We sought to investigate the role of EuroSCORE as a prognostic factor-with regard to survival after primary coronary artery bypass surgery-in patients under the age of 65.
METHODS
Local institutional review board approval was granted for this study.
Patients
Only patients under the age of 65, who had undergone isolated CABG between 1 April 1997 and 31 March 2010, were included; n = 6343.
Benchmarking
We benchmarked our in-hospital mortality figures against the United Kingdom (UK) national results (http://www.scts.org).
Univariate analysis
The characteristics of the patients in this study are shown in Table 1 . The distribution of logistic EuroSCOREs for our population is shown in Fig. 1a ; those with a EuroSCORE of less than 10 in Fig. 1b and the survival of our study population is shown in Fig. 1c 
Multivariate analysis
In-hospital mortality. Stepwise logistic regression analysis was used to identify potential significant determining factors with regard to long-term survival. Entry criterion was P < 0.05 and removal criterion was P > 0.1 (Table 2a) . Bootstrap analysis was performed with 1000 iterations.
Long-term survival. Stepwise Cox proportional hazards regression analysis was used to identify potential significant determining factors with regard to long-term survival. Entry criterion was P < 0.05 and removal criterion was P > 0.1 (2b).
Neural network analysis
To cross-validate the logistic and Cox regression analyses, a neural network was then trained and run, to create a receiver operating characteristic (ROC) value for assessment of the network 'goodness of fit' for predicting in-hospital mortality and long-term survival. All studied variables utilized in the regression analyses were used as input variables for the neural network construction. The basis of this network is multi-layer perceptions that have feed-forward, back-propagation topology. The network consists of four layers (Fig. 3 ).
(i) The input layer is of neurons into which variables were entered, following their normalization through a process of standard rescaling (subtracting the mean and dividing by the standard deviation). (ii) Two hidden layers composed of neurons, in which computation and differential weighing of the different variables are performed. (iii) The output layer is two neurons, into which the end result is entered (i.e. "alive" or "dead"). Batch training, using 70% of the dataset was employed, with the remaining 30% used for testing.
Normalized importance output
This was used to determine factors that are important in predicting in-hospital mortality and long-term survival following isolated CABG (Fig. 4 ).
Statistical software
All statistical analyses, other than the neural network and Somers' Dxy, were performed with MedCalc for Windows, version 12.2.1 (MedCalc Software, Mariakerke, Belgium). The neural network analysis was performed with SPSS for Windows, version 17.0 (SPSS Inc., Chicago, IL, USA). Somers' C statistic and Dxy was performed with R (http://www.r-project.org). 
RESULTS

Univariate analysis
Study group characteristics are shown in Table 1 . One hundred percent long-term follow-up was achieved via the UK's national Strategic Tracing Service. Benchmarking of our institutional in-hospital mortality rates, compared to the UK overall, did not reveal any differences; P = 0.4, ( part of the continuous UK cardiac surgery quality assessment program by the Society of Cardiothoracic Surgeons Of Great Britain and Ireland). The logistic EuroSCORE ranged from 0.881 to 80.411 (mean 2.441; 95% CI 2.364-2.518); however, over 90% were ≤10 (Fig. 1A) . Long-term follow-up was from 6 months to 12 years; median 7.9 years (Fig. 1c) . 
Long-term survival
Kaplan-Meier survival curves, broken down by quartiles of logistic EuroSCORE, are shown in Fig. 2a . The overall sensitivity and specificity of EuroSCORE for predicting long-term survival was 68% and 61%, respectively, with a C-statistic of 0.69 and a Somers' Dxy of 0.38. For patients with a EuroSCORE less than 5 (Fig. 2b) , EuroSCORE had a sensitivity and specificity of 58% and 65%, respectively, for predicting long-term survival, with a C-statistic of 0.65 and a Somers' Dxy of 0.30.
For patients with a EuroSCORE above 25, EuroSCORE had a sensitivity and specificity of 88% and 63%, respectively, for predicting long-term survival, with a C-statistic of 0.8 and a Somers' Dxy of 0.59.
Age-and sex-matched survival of the general UK population revealed a 1, 2, 3, 4 and 5-year survival rates of 99.2%, 99.1%, 99.0%, 98.9%, and 98.8%, respectively.
Multivariate analysis
In-hospital mortality. Logistic regression (Table 2) demonstrated that CKMB, female sex, preoperative atrial fibrillation and 'urgent' operation status were the only factors predicting in-hospital death (ROC 0.80; Hosmer-Lemeshow 0.98). LIMA, right internal mammary artery (RIMA) and radial artery usage, body mass index (BMI), off-pump surgery and composite grafting were not significant factors. The results of the bootstrap analysis are shown in Table 3 
Cox regression analysis
Cox regression analysis, to determine the importance of logistic EuroSCORE and other possible predictive factors with regard to long-term survival, is shown in Table 4 . Age, atrial fibrillation, diabetes (diet-and insulin-controlled), LV function, cerebrovascular disease, dialysis, LIMA usage, 'urgent' operation status, CKMB and peripheral vascular disease were all identified as significant factors. Variables excluded from the model included female sex, hypertension, left main stem stenosis, BMI, number of grafts, off-pump surgery, composite grafting, radial artery utilisation and use of the RIMA.
Neural network analysis
In-hospital mortality. The neural network created had a ROC of 0.78, virtually identical to the logistic regression analysis, which was 0.79. The normalized predictive values (Fig. 4a) of the neural network identified atrial fibrillation, postoperative CKMB and logistic EuroSCORE as the three most important variables predicting in-hospital mortality, while hypertension, PVD, off-pump surgery, radial artery usage, and left main stem stenosis (LMS) were of minimal importance; findings similar to the logistical model.
Long-term survival. The neural network created had a C-statistic of 0.69. The normalized predictive values (Fig. 4b) of the neural network identified atrial fibrillation, postoperative CKMB, diabetes and logistic EuroSCORE as important variables predicting poor long-term survival, while hypertension, PVD, off-pump surgery, radial artery usage and LIMA use were of minimal importance in predicting poor survival; findings similar to the Cox modelling.
DISCUSSION
The risk factors for in-hospital mortality in patients under the age of 65 include preoperative atrial fibrillation and CKMB release, in addition to the factors contained in EuroSCORE. Risk factors for long-term survival include LIMA usage, diabetes, 
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N. Mediratta et al. / European Journal of Cardio-Thoracic Surgerypreoperative atrial fibrillation and CKMB release after surgery, in addition to the factors contained in EuroSCORE. Prognostic factors affecting survival have become increasingly important since the introduction of stenting [5] . Identification of patient subgroups that may have a better or worse prognosis is important, especially for comparative studies involving surgery and stenting. The syntax score was not available for our patients, but its value in surgical patients has been questioned [10] . The long-term mortality of 13.5% may be indicative of the underlying aggressive disease that predisposes this cohort of patients to require surgery at a young age.
Atrial fibrillation has previously been described as a risk factor for in-hospital mortality and long-term survival. We have confirmed this finding in a younger, isolated CABG cohort. The possible role of ablative surgery at the time of CABG, to decrease in-hospital mortality and improve long-term survival, remains unanswered.
EuroSCORE remains of prognostic significance following primary CABG, even in the under-65 age group; however, the use of the additional risk factors of diabetes, preoperative atrial fibrillation, LIMA usage, CKMB and use of the radial artery increases the predictive accuracy.
Two large recent series of isolated CABG have documented the risk factors determining long-term survival in all cases and, separately, in those over the age of 65. The first study identified that age, diabetes, ejection fraction, BMI, dialysis, logistic EuroSCORE, CKMB, LIMA usage and peripheral arterial disease were among significant factors affecting long-term survival [11] . Except for diabetes, BMI, CKMB and LIMA usage, all these variables are incorporated in the EuroSCORE; however, their weighting will vary. This explains why EuroSCORE is a reasonable approximation as a predictor for long-term survival, although the incidence of diabetes, CKMB and LIMA usage will affect its accuracy. These additional factors, not included in the EuroSCORE, have been described previously [12] [13] [14] . The second study, which was limited in having a median follow-up of only four years, identified numerous factors but did not include LIMA, bilateral internal mammary artery (BIMA), radial artery, or off-pump surgery as potential factors influencing long-term survival [8] .
Body mass index has previously been described as a risk factor for in-hospital mortality in cardiac surgery and as a factor affecting long-term survival post-CABG; however, in patients under the age of 65, it is not a significant factor for either [15] .
Use of the internal mammary artery is known to be associated with increased survival following CABG; however, this has not been included in a number of previous long-term predictive studies [16] [17] [18] . The radial artery was utilized in a large number of our patients (over 2000); however, this was not associated with a significantly increased long-term survival.
Intra-operative myocardial damage is the main cause of cardiac dysfunction following cardiac surgery, be it myocardial stunning, inadequate cardioplegia or coronary graft dysfunction. The finding that CKMB was a significant factor affecting in-hospital and long-term outcome demonstrates the importance of intra-operative myocardial protection and coronary anastomosis technique, and has been previously identified [12] .
In respect of in-hospital mortality and long-term survival, debate continues on the advantages or disadvantages of on-or off-pump surgery, composite grafting, radial artery use and number of grafts performed [19] [20] [21] . Inclusion of these factors in our multivariate analysis demonstrated that none have any effect on in-hospital mortality or long-term survival.
Neural networks remain contentious due to their 'black box' technology; however the technique predicted exactly the same additional factors to EuroSCORE as did logistic regression for in-hospital mortality and Cox regression for long-term survival. The normalized output option with neural networks demonstrated the importance of atrial fibrillation and postoperative CKMB, in addition to logistic EuroSCORE, as predictors of in-hospital mortality and long-term survival; findings that are similar to the logistic-and Cox modelling performed.
We made no attempt to break down the follow-up period into time intervals, as has been done previously [16, 22, 23] . It should be noted that previous work on developing models of long-term outcomes has not included CKMB, BMI, LIMA, RIMA, radial artery use and off-pump surgery usage as possible factors affecting survival, despite their known association with long-term outcome [12, 13] .
Quality improvement via unit benchmarking is becoming increasingly commonplace. With regard to in-hospital mortality and long-term survival comparisons based solely on logistic EuroSCORE, risk adjusted figures may lead to incorrect conclusions: a type I error. We suggest that LIMA utilisation and an enzyme marker of myocardial damage, such as CKMB, could be used as potential key performance indicators, as both are significant factors determining long-term survival.
The risk factors for in-hospital mortality in patients under the age of 65 include postoperative CKMB, 'urgent' operation status, LV function, female sex and atrial fibrillation. Significant factors determining long-term survival in the under-65 age group include age, atrial fibrillation, diabetes (diet-and insulin controlled), LV function, cerebrovascular disease, dialysis, LIMA usage, 'urgent' operation status, CKMB, and peripheral vascular disease.
Limitations
The 13-year time period from which the patients in this study were recruited may introduce a time factor error. This is a common confounding factor of any large study that covers a long period of time. We do not have cause of death for any of the patients after hospital discharge; a frequent limitation of retrospective analyses. In addition, we do not have long-term major adverse cardiac event (MACE) data available. The use of arterial grafting was at the discretion of the surgeon, potential introducing statistical bias.
